
Physics	
  1A,	
  Lecture	
  5:	
  
Projec4le	
  Mo4on	
  
Summer	
  Session	
  1,	
  2011	
  

Your	
  textbook	
  should	
  be	
  closed,	
  though	
  you	
  may	
  use	
  any	
  handwriDen	
  notes	
  that	
  you	
  have	
  
taken.	
  	
  You	
  will	
  use	
  your	
  clicker	
  to	
  answer	
  these	
  ques4ons.	
  If	
  you	
  do	
  not	
  yet	
  have	
  a	
  clicker,	
  
please	
  turn	
  in	
  your	
  answers	
  on	
  a	
  sheet	
  of	
  paper.	
  	
  The	
  quiz	
  will	
  commence	
  at	
  9:33	
  AM.	
  

Key	
  Ques4ons:	
  (Discuss	
  with	
  neighbors	
  before	
  quiz)	
  
1)	
  During	
  projec4le	
  mo4on,	
  when	
  are	
  the	
  velocity	
  and	
  accelera4on	
  vectors	
  parallel?	
  
perpendicular?	
  	
  
2)	
  What	
  variables	
  are	
  held	
  constant	
  during	
  projec4le	
  mo4on?	
  
3)	
  What	
  is	
  the	
  direc4on	
  of	
  centripedal	
  accelera4on	
  in	
  uniform	
  circular	
  mo4on? 	
  	
  



Reading	
  Quiz	
  #3-­‐1	
  

•  A	
  cannonball	
  is	
  launched	
  from	
  ground	
  level	
  at	
  an	
  angle	
  
30o	
  from	
  the	
  horizontal	
  and	
  hits	
  the	
  ground	
  100	
  m	
  
away.	
  When	
  are	
  the	
  velocity	
  and	
  accelera4on	
  vectors	
  
of	
  the	
  cannonball	
  parallel?	
  	
  

A)	
  Just	
  when	
  the	
  cannonball	
  is	
  fired	
  
B)	
  When	
  the	
  cannonball	
  achieves	
  its	
  maximum	
  height	
  
C)	
  Just	
  before	
  the	
  cannonball	
  impacts	
  with	
  the	
  ground	
  
D)	
  Never	
  
E)	
  Always	
  



Reading	
  Quiz	
  #3-­‐2	
  

•  A	
  cannonball	
  is	
  launched	
  from	
  ground	
  level	
  at	
  an	
  angle	
  
30o	
  from	
  the	
  horizontal	
  and	
  hits	
  the	
  ground	
  100	
  m	
  
away.	
  When	
  are	
  the	
  velocity	
  and	
  accelera4on	
  vectors	
  
of	
  the	
  cannonball	
  perpendicular?	
  	
  

A)	
  Just	
  when	
  the	
  cannonball	
  is	
  fired	
  
B)	
  When	
  the	
  cannonball	
  achieves	
  its	
  maximum	
  height	
  
C)	
  Just	
  before	
  the	
  cannonball	
  impacts	
  with	
  the	
  ground	
  
D)	
  Never	
  
E)	
  Always	
  



Reading	
  Quiz	
  #3-­‐3	
  

•  What	
  variables	
  are	
  held	
  constant	
  during	
  
projec4le	
  mo4on?	
  

A)	
  Δx	
  and	
  vx	
  
B)	
  ay	
  and	
  vx	
  
C)	
  Δy	
  and	
  vy	
  
D)	
  only	
  ay	
  	
  
E)	
  it	
  depends	
  on	
  the	
  launch	
  angle	
  



Reading	
  Quiz	
  #3-­‐4	
  

•  What	
  is	
  the	
  direc4on	
  of	
  centripedal	
  
accelera4on	
  in	
  uniform	
  circular	
  mo4on?	
  

A)	
  radially	
  towards	
  the	
  center	
  of	
  the	
  circle	
  	
  
B)	
  radially	
  outwards	
  from	
  the	
  center	
  
C)	
  tangen4ally	
  along	
  the	
  direc4on	
  of	
  mo4on	
  
D)	
  tangen4ally	
  opposing	
  the	
  direc4on	
  of	
  mo4on	
  
E)	
  None	
  of	
  the	
  above	
  



Announcements	
  

•  Homework	
  1	
  will	
  be	
  returned	
  to	
  you	
  aber	
  
class	
  or	
  at	
  office	
  hours.	
  

•  I	
  will	
  have	
  make	
  up	
  office	
  hours	
  today	
  at	
  
5-­‐6pm	
  in	
  Mayer	
  5623	
  

•  Homework	
  2	
  due	
  tomorrow	
  in	
  class	
  or	
  office	
  
hours	
  by	
  1pm	
  

•  I	
  will	
  start	
  pos4ng	
  grades	
  this	
  weekend	
  
•  Correc4ons	
  to	
  the	
  homework	
  are	
  posted	
  on	
  
the	
  website	
  on	
  the	
  Homework	
  page	
  



Announcements	
  

•  Final	
  grade	
  percentages	
  have	
  changed:	
  

•  Final	
  40%	
  
•  Quizzes	
  40%	
  	
  	
  
•  Homework	
  15%	
  	
  
–  (out	
  of	
  5,	
  each	
  is	
  worth	
  3%)	
  

•  Reading	
  Quizzes	
  5%	
  	
  
–  (drop	
  lowest	
  4	
  out	
  of	
  12,	
  each	
  is	
  worth	
  0.625%)	
  

•  Clickers	
  5%	
  (Extra	
  Credit) 	
  	
  



Quiz	
  1	
  will	
  be	
  in	
  class	
  this	
  Thursday	
  
•  It	
  will	
  cover	
  everything	
  from	
  lecture,	
  reading	
  assignments,	
  both	
  

homework	
  assignments:	
  
–  Math	
  Review	
  
–  Kinema4cs	
  equa4ons	
  
–  Free	
  fall	
  	
  
–  Projec4le	
  mo4on	
  (Do	
  extra	
  problems	
  for	
  prac4ce)	
  
–  Uniform	
  Circular	
  Mo4on	
  	
  

•  You	
  will	
  need:	
  
–  Scantron	
  
–  Calculator	
  (not	
  your	
  phone!)	
  
–  #2	
  pencil	
  

•  An	
  equa4on	
  sheet	
  will	
  be	
  provided	
  
•  It	
  will	
  start	
  at	
  9:30am.	
  	
  We	
  will	
  not	
  have	
  class	
  aberwards,	
  so	
  you	
  can	
  

take	
  the	
  full	
  80	
  minutes	
  
•  It	
  will	
  be	
  15	
  mul4ple	
  choice	
  ques4ons	
  



Today’s	
  anonymous	
  poll	
  

Besides	
  1A	
  and	
  1AL,	
  how	
  many	
  classes	
  are	
  you	
  taking	
  
right	
  now?	
  

A)	
  0	
  
B)	
  1	
  
C)	
  2	
  or	
  more	
  
D)	
  I	
  haven’t	
  decided	
  if	
  I’m	
  taking	
  more	
  classes	
  
E)	
  I	
  haven’t	
  decided	
  if	
  I’m	
  taking	
  1A	
  and	
  1AL	
  

•  Drop	
  without	
  W	
  (Friday,	
  July	
  8th)	
  
•  Drop	
  with	
  W	
  (Tuesday,	
  July	
  26th) 	
  	
  



Force	
  	
  accelera4on	
  

•  Huge	
  topic	
  for	
  next	
  sec4on:	
  	
  
– Only	
  way	
  to	
  have	
  accelera4on	
  of	
  an	
  object	
  is	
  when	
  
there	
  is	
  a	
  force	
  ac4ng	
  on	
  it	
  

•  Three	
  things	
  that	
  cause	
  accelera4on:	
  
– Gravity	
  (always	
  constant	
  in	
  magnitude	
  and	
  direc4on!)	
  
– Gas	
  or	
  brake	
  pedal	
  (though	
  cars	
  can	
  also	
  coast)	
  
– Object	
  in	
  contact	
  with	
  that	
  object	
  applying	
  a	
  force	
  

•  Things	
  that	
  do	
  not	
  cause	
  accelera4on:	
  
–  Throwing	
  stuff	
  (can	
  only	
  cause	
  velocity)	
  

Concept	
  
C	
  



New	
  actors,	
  same	
  roles	
  
h = h0 + v0yt+

1

2
ayt

2

vy = v0y + ayt

h = h0 +
1

2
(v0y + vy)t

v2y = v20 + 2ay(h− h0)
t

vyv0y

h0 h

ay

Displacement	
  	
   Accelera4on	
  Velocity	
  	
  	
  

4me	
  

4me	
  4me	
  

ay = −g



Dropping	
  from	
  rest	
  

h = h0 + v0yt+
1

2
ayt

2

t

vyv0y

h0 h

ay

Displacement	
  	
   Accelera4on	
  Velocity	
  	
  	
  

4me	
  

4me	
  4me	
  

ay = −g

h0 =
1

2
gt2

vy

h0

ay



Throwing	
  up	
  
Displacement	
  	
  

4me	
  

h0

Throwing	
  down	
  

Displacement	
  	
  

4me	
  

h0

Air	
  4me	
  depends	
  on	
  	
  v0y

Dropping	
  from	
  rest	
  	
  



Clicker	
  Ques4on	
  5-­‐1	
  
Free	
  Fall	
  Concepts	
  

Which	
  of	
  these	
  is	
  the	
  correct	
  velocity	
  graph	
  in	
  the	
  y	
  
direc4on	
  vs	
  4me	
  for	
  the	
  descrip4on	
  of	
  mo4on?	
  	
  The	
  
posi4ve	
  y	
  direc4on	
  points	
  up.	
  

dropping	
  	
  	
  

4me	
  

dropping	
  	
  	
  

4me	
  

throw	
  up	
  	
  	
  

4me	
  

throw	
  up	
  	
  	
  
4me	
  

throw	
  down	
  	
  	
  
4me	
  

A)	
   B)	
   C)	
  

D)	
   E)	
  



Clicker	
  Ques4on	
  5-­‐2	
  
Free	
  Fall	
  Concepts	
  

Do	
  heavier	
  things	
  fall	
  faster?	
  

A)  Yes	
  
B)  No	
  



Clicker	
  Ques4on	
  5-­‐3	
  
Free	
  Fall	
  

Superman	
  needs	
  to	
  leap	
  over	
  a	
  tall	
  building	
  that	
  is	
  
200m	
  tall.	
  	
  What	
  is	
  the	
  minimum	
  ini4al	
  velocity	
  he	
  
needs	
  to	
  clear	
  the	
  building?	
  (Pick	
  the	
  correct	
  collec4on	
  
of	
  Knowns):	
  

A)	
  

B)	
  

C)	
  

D)	
  

h0 = 0, h = 200 m, vy = 0, ay = −9.8 m/s2

h0 = 0, h = 200 m, vy = 0, ay = 9.8 m/s2

h0 = 0, h = 200 m, ay = −9.8 m/s2

h0 = 0, h = 200 m, ay = 9.8 m/s2



Clicker	
  Ques4on	
  5-­‐4	
  
Free	
  Fall	
  

Given	
  the	
  Knowns,	
  which	
  equa4on	
  should	
  he	
  use	
  to	
  
solve	
  for	
  the	
  take	
  off	
  speed?	
  

A)	
  

B)	
  

C)	
  

D)	
  

h = h0 + v0yt+
1

2
ayt

2

vy = v0y + ayt

h = h0 +
1

2
(v0y + vy)t

v2y = v20 + 2ay(h− h0)

h0 = 0,

h = 200 m,

vy = 0,

ay = −9.8 m/s2

Knowns:	
  



Projec4le	
  mo4on	
  



	
  Kinema4cs	
  in	
  x:	
   	
   	
  Kinema4cs	
  in	
  y:	
  

Projec4le	
  mo4on:	
  
Independence	
  of	
  mo4on	
  	
  

in	
  x	
  and	
  y	
   Concept	
  
C	
  

h = h0 + v0yt+
1

2
ayt

2

vy = v0y + ayt

h = h0 +
1

2
(v0y + vy)t

v2y = v20 + 2ay(h− h0)
t

vyv0y

h0 h

ayax

x0 xf

t

v0x vx

xf = x0 + v0xt+
1

2
axt

2

vx = v0x + axt

v2x = v20x + 2ax(xf − x0)

xf = x0 +
1

2
(vx + v0x)t

Velocity	
  in	
  x	
  direc4on	
  
is	
  constant!	
  

Accelera4on	
  in	
  y	
  
direc4on	
  is	
  constant!	
  

ay = −g



Displacement	
  	
   Accelera4on	
  Velocity	
  	
  	
  

4me	
  4me	
  

4me	
  
t t t

Displacement	
  	
   Accelera4on	
  Velocity	
  	
  	
  

4me	
  4me	
  

4me	
  
x0

xf

t t t

ax

vx

v0y

vy

h0

h ay

x:	
  

y:	
  



•  Usually	
  given	
  ini4al	
  velocity	
  and	
  angle	
  from	
  
the	
  horizontal:	
  

•  What	
  happens	
  to	
  	
  	
  	
  	
  	
  	
  	
  	
  ?	
  

•  What	
  happens	
  to	
  	
  	
  	
  	
  	
  	
  	
  ?	
  	
  	
  

Projec4le	
  Mo4on:	
  
Find	
  components	
  of	
  velocity	
  

x	
  

y	
  

Procedure	
  

P	
  

v0x

θ	
  

v0y
v0

v0x = v0 cos θ

v0y = v0 sin θ

v0x

v0y



Projec4le	
  velocity	
  and	
  
accelera4on	
   Procedure	
  

P	
  



•  Constant	
  
•  	
  	
  	
  	
  	
  	
  	
  decreases	
  to	
  
zero	
  then	
  
decreases	
  to	
  
nega4ve	
  

•  Constant	
  

Projec4le	
  velocity	
  and	
  
accelera4on	
   Procedure	
  

P	
  

vx

vy

v0y

ay = −g

ay



Projec4le	
  velocity	
  and	
  
accelera4on	
  

∆�v = �v2 − �v1

−�vC

−�vB−�vA
−�vD

�vD

�vC�vB

�vE

�a =
∆�v

∆t

Concept	
  
C	
  



	
  Kinema4cs	
  in	
  x:	
   	
   	
  Kinema4cs	
  in	
  y:	
  

Projec4le	
  mo4on:	
  
Independence	
  of	
  mo4on	
  	
  

in	
  x	
  and	
  y	
   Concept	
  
C	
  

h = h0 + v0yt+
1

2
ayt

2

vy = v0y + ayt

h = h0 +
1

2
(v0y + vy)t

v2y = v20 + 2ay(h− h0)
t

vyv0y

h0 h

ayax

x0 xf

t

v0x vx

xf = x0 + v0xt+
1

2
axt

2

vx = v0x + axt

v2x = v20x + 2ax(xf − x0)

xf = x0 +
1

2
(vx + v0x)t

Velocity	
  in	
  x	
  direc4on	
  
is	
  constant!	
  

Accelera4on	
  in	
  y	
  
direc4on	
  is	
  constant!	
  

ay = −g



What	
  determines	
  air	
  	
  
4me	
  and	
  range?	
  

•  Air	
  4me	
  is	
  determined	
  by	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  and	
  

•  Range	
  is	
  determined	
  air	
  4me	
  	
  

	
  and	
  	
  

Concept	
  
C	
  

h = h0 + v0yt+
1

2
ayt

2

v0yh0

Displacement	
  	
  

4me	
  

h0

v0x

∆x = v0xt



Maximize	
  range	
  with	
  launch	
  angle	
  
Lots	
  of	
  air	
  
4me,	
  not	
  
a	
  lot	
  of	
  vx	
  	
  

Lots	
  of	
  vx,	
  
not	
  a	
  lot	
  
of	
  air	
  4me	
  	
  

Just	
  right	
  



Clicker	
  Ques4on	
  5-­‐5	
  

A	
  man	
  drops	
  a	
  cannonball	
  from	
  rest	
  just	
  as	
  the	
  cannon	
  
launches	
  horizontally.	
  	
  Which	
  ball	
  will	
  hit	
  the	
  ground	
  
first?	
  

A)  the	
  one	
  that	
  is	
  dropped	
  
B)  the	
  one	
  that	
  is	
  fired	
  
C)  both	
  will	
  hit	
  at	
  the	
  same	
  4me	
  	
  

 
Physics 11    Fall 2010:  Quiz 1           Version A 1 

10.04.10 

Closed book.  No work needs to be shown for multiple-choice questions. 
 
1. The number of significant figures in 0.00150 is: 
 

a. two. 
b. three.   
c. four. 
d. five. 
e. six. 

 

2. Two balls are dropped at the same time from the same height from the roof of a building.  
One ball has twice the mass as the other.  Air resistance is negligible for this question.  
Which one of the following statements is correct about this situation?  

 
a.  The lighter ball hits the ground first. 
b.  The heavier ball hits the ground first. 
c.  Both balls hit the ground at the same time.   
d.  The acceleration of the heavier ball is greater than the acceleration of the lighter ball. 
e.  The acceleration of the lighter ball is greater than the acceleration of the heavier ball. 

 
3. A one dollar bill is 15.5 cm long.  How much money would you have if you had enough 

dollar bills, laid end to end, to span 4.10 km? 
 

a.  $10,100. 
b.  $63,500. 
c.  $32,600. 
d.  $38,900. 
e.  $26,500.  

 

4. A car is moving with a speed of 30.0 m/s when the brakes are suddenly applied.  The car 
stops after 10.0 seconds of constant acceleration due to the brakes.  What distance does the 
car travel during those 10.0 seconds? 

 
a. 150 m.  
b. 196 m. 
c. 336 m. 
d. 392 m. 
e. 450 m. 

 
5. Consider a pair of identical cannonballs that 

are originally at the same height.  Ball A is shot 
horizontally at 5.0 m/s from a cannon while 
simultaneously ball B is released from rest by a 
person.  Which will ball will hit the ground 
first? 
 

a. Ball A.   
b. Ball B. 
c. Both balls will hit at the exact same time.   



Clicker	
  Ques4on	
  5-­‐6	
  

•  A	
  hunter	
  tries	
  to	
  shoot	
  a	
  rare	
  monkey	
  hanging	
  from	
  a	
  
tree	
  with	
  a	
  dart	
  gun.	
  The	
  hunter	
  has	
  the	
  monkey	
  in	
  
his	
  sights.	
  But	
  the	
  monkey	
  no4ces	
  the	
  hunter	
  and	
  
drops	
  from	
  the	
  branch	
  exactly	
  when	
  he	
  hears	
  the	
  
hunter	
  fire.	
  Will	
  the	
  hunter	
  hit	
  or	
  miss	
  the	
  monkey?	
  

A)	
  The	
  dart	
  will	
  hit	
  the	
  monkey.	
  	
  

B)	
  The	
  dart	
  will	
  miss	
  above	
  the	
  monkey.	
  	
  
C)	
  The	
  dart	
  will	
  miss	
  below	
  the	
  monkey.	
  



Clicker	
  Ques4on	
  5-­‐6	
  

Answer
Monkey and the 
dart fell at the 
same rate, under 
the same 
influence of 
gravity.

So the dart will 
hit the monkey. 

Projectile Motion

•  The	
  bullet	
  and	
  the	
  
monkey	
  both	
  fall	
  
under	
  the	
  
influence	
  of	
  
gravity.	
  



Solving	
  the	
  classic	
  projec4le	
  problem:	
  

•  An	
  angry	
  bird	
  is	
  launched	
  from	
  ground	
  level	
  at	
  
an	
  angle	
  60.0o	
  with	
  a	
  velocity	
  of	
  100.0	
  m/s.	
  	
  
How	
  far	
  away	
  does	
  it	
  land	
  when	
  it	
  falls	
  back	
  to	
  
the	
  ground?	
  	
  	
  

θ	
  



How	
  to	
  solve	
  projec4le	
  	
  
problems	
  

1)  Draw	
  a	
  picture	
  with	
  a	
  
coordinate	
  system	
  

2)  Collect	
  all	
  the	
  knowns	
  
and	
  unknowns,	
  break	
  
up	
  velocity	
  into	
  x	
  and	
  y	
  
components	
  

3)  Find	
  the	
  appropriate	
  
equa4ons	
  

4)  Use	
  t	
  to	
  connect	
  
between	
  equa4ons	
  in	
  x	
  
and	
  y.	
  Solve.	
  

Procedure	
  

P	
  

xfx0 vx

v0yh0 h ay

θ	
  

x	
  

y	
  

x	
  

y	
  

v0x

v0y
v0

h = h0 + v0yt+
1

2
ayt

2 ∆x = v0xt

t =
2v0y
g

→ ∆x =
2v0yv0x

g

v0x = v0 cos θ

v0y = v0 sin θ

= 866 m



Slight	
  varia4ons	
  on	
  the	
  classic	
  
projec4le	
  problem:	
  

•  Ini4al	
  height	
  is	
  not	
  zero	
  
•  Drop	
  from	
  a	
  plane	
  

–  vx	
  is	
  velocity	
  of	
  the	
  plane	
  	
  



Uniform	
  circular	
  mo4on	
  



Uniform	
  circular	
  mo4on	
  

R	
  

v	
  
v1	
  

v2	
  

Δv	
  

ac	
  

ac =
v2

r

v2	
  
-­‐v1	
  

v	
  
ac	
  

v	
  
a
c 	
  

T =
2πr

v



Homework	
  

•  Quiz	
  #1	
  will	
  be	
  Thursday,	
  covering	
  Ch	
  1-­‐3	
  
– This	
  covers	
  the	
  Math	
  review	
  and	
  Kinema4cs	
  

•  Homework	
  #2	
  is	
  due	
  tomorrow	
  
– Download	
  this	
  from	
  the	
  website	
  
– Solu4ons	
  will	
  be	
  posted	
  at	
  1pm,	
  so	
  no	
  late	
  
homework	
  will	
  be	
  accepted	
  

•  Get	
  ready	
  for	
  tomorrow’s	
  reading	
  quiz	
  	
  
– See	
  assignment	
  and	
  ques4ons	
  posted	
  on	
  website	
  


